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Abstract:
Using a sample of 237 estimates drawn from 29 primary studies, we conduct a hierarchical meta-regression
analysis that examines the association between economic growth and government expenditure on education.
We ﬁnd that the eﬀect of government education expenditure on growth is positive for developed countries.
However, when the evidence pertains to less developed countries (LDCs), we ﬁnd a statistically insigniﬁcant
association. We also examine the heterogeneity in empirical results and found that factors such as econometric
speciﬁcations, publication characteristics as well as data characteristics explain the heterogeneity in the litera-
ture. We ﬁnd no evidence of publication selectivity.
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1 Introduction
Economists have long recognized that human capital is important for economic growth (see, e.g. Schultz 1961;
Becker 1964; Rosen 1976; Uzawa 1965). Schultz asserts that investments in human capital such as expenditures
on education account for most of the rise in the real earnings per worker. According to Becker (1964), invest-
ments in human capital raise an individual’s productivity and earnings. The basic idea is that a highly educated
workforce is expected to be relatively more productive. Subsequent work has also emphasized the importance
of human capital in explaining growth or growth diﬀerences among countries (see, e.g. Barro and Sala-i-Martin
1995; Lucas 1988; Mulligan and Sala-I-Martin 1993).
There are empirical studies that conﬁrm human capital is important for long-run growth (see, e.g. Romer
1986; Barro 1991; Levine and Renelt 1992; Mankiw, Romer, and Weil 1992; Barro and Lee 1993; Bassanini and
Scarpetta 2001; Krueger and Lindahl 2001; Baldacci et al. 2004). However, some other studies have surprisingly
foundweak association between human capital and growth, and even negative eﬀects (see Knight, Loayza, and
Villanueva 1993; Benhabib and Spiegel 1994; Islam 1995; Caselli, Esquivel, and Lefort 1996; Pritchett 1996; Bils
andKlenow2000). There are several explanations for the lack of a robust association between human capital and
growth. For instance, according to Levine and Renelt (1992), model speciﬁcation and the inclusion or exclusion
of certain control variables could explain diﬀerences in reported estimates.
In this paper, we re-assess the growth eﬀect of government education expenditure (GE). As it stands, the
empirical evidence about the growth impacts of government education expenditure ismixed and inconclusive.1
Thus, we combine results from various studies that empirically investigate the eﬀect of government education
expenditure on economic growth to identify sources of heterogeneity amongst these results, and to derive a
more precise eﬀect size estimate than that derived in a single empirical study.
Since human capital investments are essential for the accumulation of human capital, and human capital has
been stressed as the key engine of growth in endogenous growth theory, we formulate hypotheses that reﬂect
a positive GE-growth association. Thus, based on 29 primary studies with 237 meta-estimates, we formulate
three hypotheses (H1–H3) to examine theGE-growth relationship: (H1) government education expenditure as a
share of GDP promotes growth, (H2) government education expenditure as a share of GDP promotes growth in
developed countries, and (H3) government education expenditure as a share of GDP promotes growth in less-
developed counties (LDCs). Overall, we ﬁnd that the eﬀect of government education expenditure on growth is
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positive, and this is also the case when the evidence pertains to developed countries only. However, the eﬀects
in LDCs is statistically insigniﬁcant.
This study makes a number of important contributions. First, we investigate if “genuine” eﬀect beyond
publication bias exists betweenGE and economic growth.Without any control for publication bias, results from
empirical literature could bemisleading ( Stanley 2008) and thus, could impede the policy formulation process.
We deal with issues of publication selection bias, and accordingly provide a statistically valid conclusion on
the relationship between GE and growth.
Second, we investigate various sources of heterogeneity in the empirical literature that examines the GE-
growth relationship. Without addressing issues of heterogeneity, a general conclusion cannot be drawn on the
GE-growth relationship. This is mainly due to the disparity in the empirical literature, especially with regards
to the data used, estimation methods, and the underlying theoretical models, among others. Thus, with the use
of meta-regression analysis, we control for study-to-study variations which allow for the determination of a net
eﬀect of GE on growth.
Third, we capture country diﬀerences and provide a general conclusion per development level (i.e. devel-
oped countries and LDCs). With our results, we lay a foundation for, and guide future studies in examining
areas of particular importance in the human capital expenditure-growth literature. To the best of our knowl-
edge, this is the ﬁrst study that presents a detailed empirical synthesis on the GE-growth relationship using
meta-analysis. Benos and Zotou (2014), using meta-analysis, investigate a similar research question. However,
rather than the growth eﬀects of GE, they examine the eﬀect of education in general measured by literacy, enrol-
ment, education expenditure and schooling years, on economic growth. They provide evidence of publication
bias towards the positive eﬀects of education on growth. Eﬀects of education on growth also vary signiﬁcantly
depending on the measure of education.
This current study is relevant in practice, given the ongoing debate on how various components of gov-
ernment expenditure aﬀect growth. Thus, from the policy perspective, our results suggest that education is a
relevant sector in promoting growth. Therefore, to promote growth, education may be a key sector to which
public expenditure should be directed in the context of tight government budget constraints or budget deﬁcits.
2 Brief overviewof existing perspectives
Education has been considered as one of the most signiﬁcant investments in human capital and has been dis-
cussed extensively in the literature of economic growth. It has been argued that education can aﬀect growth
through many diﬀerent mechanisms. For instance, education can aﬀect growth by increasing the eﬀiciency of
the workforce, by reducing inequality, by promoting health, by reducing fertility levels, by creating better con-
ditions for good governance, and by increasing the knowledge and the innovative capacity of an economy (
Lipset 1960; Benhabib and Spiegel 1994; Aghion, Caroli, and García-Peñalosa 1999; Glaeser et al. 2004; Castelló-
Climent 2008; Castelló-Climent and Doménech 2008; Hanushek and Woessmann 2008).
There are many theoretical papers that investigate the interaction between government education expen-
diture and growth. Among those papers are Glomm and Ravikumar (1992, 1997, 1998) , Eckstein and Zilcha
(1994), Zhang (1996), Kaganovich and Zilcha (1999), Cassou and Lansing (2001), Benabou (2002), Blankeanu
(2005), and Wigger (2004). Glomm and Ravikumar (1992), for instance, examine the implication of schooling
on growth and income inequality and ﬁnd that public education can yield greater per capita income when
the initial income inequality is suﬀiciently high in an overlapping-generations model. Zhang (1996) ﬁnds that
education subsidization stimulates growth and reduces welfare losses caused by human capital externalities.
The empirical evidence with regards to government education expenditure and economic growth however
has been mixed. Zhang and Casagrande (1998), Barro and Sala-i-Martin (1995), and Baldacci et al. (2008) ﬁnd
a positive association between government education expenditure and economic growth. Easterly and Rebelo
(1993) ﬁnd the positive relationship only for some speciﬁcations, while Devarajan, Swaroop, and Zou (1996),
Landau (1986), Levine and Renelt (1992), and Keller (2006) ﬁnd insigniﬁcant connection between the two.
3 Data andmethodology
3.1 Data
We draw on guiding principles proposed by the meta-analysis of economics research-network (MAER-Net),
which reﬂects transparency and the “best practices” in meta-analysis ( Stanley et al. 2013). To identify relevant
studies that examine the relationship between government expenditure on education (GE) and growth, we
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search for journal articles and working papers in ﬁve major electronic databases – EconLit, Business Source
Compete, Google Scholar, JSTOR and ProQuest. We use various keywords for GE and growth.2 In addition,
we also search through the references of related studies on GE and growth to ensure that our meta-analysis
includes all relevant studies.
We adopt the following criteria to determine studies that we include in our meta-analysis. (1) We include
only empirical studies that examine the direct eﬀect of GE on growth. Thus, studies that examine measures of
education other than government education expenditure, such as years of education and literacy rate, among
others, are excluded. Similarly, studies that examine the impact of education expenditures usingmeasures other
than government education expenditure are also excluded.3 (2) Government education expenditure must be
an independent variable and must be measured as a proportion of GDP. Thus, studies that use government
education expenditure as a share of total government expenditure are excluded.
From an empirical perspective, we consider empirical studies that adopt some variant of the following
growth model, and examine the GE-growth relationship.
𝑔u�u� = 𝛼0 + 𝛼1𝐺u�u� +∑
u�
𝛼u�𝑧u�,u�u� + 𝜀u�u�
where g is the measure of economic growth and G is the share of government education expenditure to GDP.
zj is a set of control variables often used in the economic growth literature, and are theoretically supported
such as initial level of per-capita GDP, and investment in human or physical capital, among others. The i and
t subscripts represent institutional/country and time dimensions, respectively. Speciﬁcations of this kind have
been widely used in the empirical growth literature.
Lastly, to allow for comparability of studies, we calculate partial correlation coeﬀicients. For studies that sat-
isfy criteria (1) and (2) above but do not report relevant statistics to allow for the calculation of partial correlation
coeﬀicients are excluded as well.
Following the above criteria, we ﬁnd 29 relevant studies with 237 estimates which are included in this meta-
analysis. Table 1 presents an overview of these 29 studies in terms of their simple and ﬁxed eﬀect weighted
means, and the corresponding number of estimated extracted from each primary study.
Table 1: Overview of evidence base per study (simple & ﬁxed eﬀect weighted means).
Paper No. of estimates Simple mean Weighted mean
(FE)
Signiﬁcance Conﬁdence
interval
Education
  Afonso and
Jalles (2013)
21 0.1277 0.1335 Yes (0.1072, 0.1598)
  Barro and
Sala-i-Martin
(1995)
24 0.1965 0.1988 Yes (0.1557, 0.2419)
  Barro and
Sala-i-Martin
(2004)
1 −0.1268 −0.1268
  Barro (1989) 1 0.4035 0.4035
  Blankenau,
Simpson, and
Tomljanovich
(2007)
3 −0.0495 −0.0496 No (−0.1600, 0.0609)
  Bojanic (2013) 3 0.1066 0.1091 No (−0.2534, 0.4716)
  Bose, Haque,
and Osborn
(2007)
8 0.4340 0.4384 Yes (0.3817, 0.4950)
  Yan and Gong
(2009)
4 −0.0175 −0.0543 No (−0.2292, 0.1207)
  Colombier
(2009)
4 −0.0161 −0.0168 No (−0.0537, 0.0200)
  Cooray (2009) 5 0.1331 0.1337 Yes (0.0686, 0.1989)
  Dalic (2013) 12 0.0211 0.0237 No (−0.0164, 0.0641)
  Diamond
(1998)
1 −0.0540 −0.0540
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  Dunne and
Mohammed
(1995)
3 −0.0301 −0.0301 No (−0.2762, 0.2160)
  Easterly and
Rebelo (1993)
3 0.0414 0.0414 Yes (0.0186, 0.0642)
  Hansson and
Henrekson
(1994)
4 0.1407 0.1411 Yes (0.0749, 0.2073)
  Keller (2006) 18 −0.0723 −0.0070 No (−0.3002, 0.2862)
  Kelly (1997) 12 −0.1820 −0.1852 Yes (−0.2414,
−0.1291)
  Landau (1983) 14 0.5665 0.5740 Yes (0.5286, 0.6195)
  Landau (1986) 12 0.0267 0.0333 Yes (0.0230, 0.0435)
  Landau (1997) 9 −0.0396 −0.0458 No (−0.0939, 0.0023)
 Miller and
Russek (1997)
6 −0.0400 −0.0871 No (−0.2548, 0.0806)
 Miyakoshi et
al. (2010)
9 −0.0545 −0.0372 No (−0.0840, 0.0095)
 Mo (2007) 10 −0.1268 −0.1277 Yes (−0.1754,
−0.0800)
  Neycheva
(2010)
27 0.3493 0.3248 Yes (0.3008, 0.3489)
  Perotti (1996) 2 0.0796 0.0796 No (−0.1293, 0.2885)
  Singh and
Weber (1997)
3 0.7837 0.7839 Yes (0.7639, 0.8038)
  Stroup and
Heckelman
(2001)
5 0.2027 0.2266 Yes (0.0183, 0.4348)
  Sylwester
(2000)
11 0.1264 0.1456 No (−0.0417, 0.3329)
  Zhang and
Casagrande
(1998)
2 0.2586 0.2586 Yes (0.1793, 0.3380)
237 0.1263 0.0828
3.2 Partial correlation coe昀�ﬁcient
To ensure ameaningful comparison of studies, we ﬁrst calculate partial correlation coeﬀicients (PCCs) thatmea-
sure the impact of government education expenditure on growth while holding other factors constant. Given
that diﬀerent factors are held constant in diﬀerent primary studies, and in some cases, all relevant covariates are
not controlled for in regressions, PCCs may be biased. This also leads to heterogeneity in reported estimates.
However, this does not render PCCs irrelevant as we examine in our meta-regressions whether control vari-
ables used by primary studies aﬀect reported estimates. Based on Greene (2011), we calculate PCCs directly
from primary study regression outputs using equation (1). We also calculate corresponding standard errors
using equation (2).
𝑟u� =
𝑡u�
√𝑡2u� + 𝑑𝑓u�
(1)
and
𝑆𝐸u�u� = √
1− 𝑟2u�
𝑑𝑓u�
(2)
where ri and SEri are the PCC and corresponding standard errors to be calculated from individual studies. ti
and dfi are the t-statistic and degrees of freedom that correspond with each estimates reported in the primary
studies.
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3.3 Meta-analysis: tools andmethods
In order to understand and have a clear overview of the evidence base on the GE-growth relationship, we cal-
culate ﬁxed eﬀect weighted averages for the estimates extracted from the primary studies. We use ﬁxed eﬀect
weighted averages because they are more reliable than simple means, and are also less aﬀected by publication
bias compared to random eﬀect weighted averages ( Stanley 2008; Henmi and Copas 2010; Stanley andDoucou-
liagos 2014). In addition, with the inverse of the variance used as weight, ﬁxed eﬀect weighted averages assign
higher weights to more precise estimates, and lower weights to less precise ones. The ﬁxed eﬀect average ( ̄𝑋u�)
is calculated using equation (3) below:
?̄?FE =
∑𝑟u�u� (
1
u�u�2u�u�u�
)
∑ 1
u�u�2u�u�u�
(3)
where rij is the estimated ith PCC in study j, and 𝑆𝐸
2
u�u�u� is the corresponding variance.
Table 1 presents the ﬁxed eﬀect weighted averages. Twenty nine studies with a total of 237 estimates re-
port on the relationship between government education expenditure and growth. Based on the ﬁxed eﬀects
weighted averages, we ﬁnd that 85 estimates (35.86% of total estimates) are statistically insigniﬁcant. 128 es-
timates (54.01% of total estimates) are positive and signiﬁcant, whereas the remaining 24 estimates (10.13%
of total estimates) are negative. The overall weighted average for all 237 estimates is found to be 0.0828. This
suggests that government education expenditure has a positive eﬀect on growth.
Based on the guidelines presented by Doucouliagos (2011) ,4 the overall weighted averages for explain-
ing the eﬀects of government education expenditure on growth, i.e. 0.0828 represent a small eﬀect with very
little economic signiﬁcance. However, if the reported weighted averages are fraught with issues of publica-
tion bias, they cannot represent genuine measures of the eﬀects on growth ( De Dominicis, Florax, and Groot
2008; Doucouliagos and Stanley 2009). Thus, in the next section, to investigate the robustness of our ﬁxed eﬀect
weighted averages, we examine if the reported estimates are tainted with publication bias.
3.3.1 Detecting and correcting publication bias
Publication selection bias occurs when authors, reviewers and editors select statistical signiﬁcant results con-
sistent with theory to justify model selection ( Stanley 2008). To examine if the reported estimates are subject
to publication bias, we ﬁrst present a funnel plot, which shows the relation between PCCs and their precision
(1/SEri). In the absence of publication bias, funnel plots should resemble a symmetric funnel and thus, an asym-
metric funnel plot suggests publication bias ( Stanley and Doucouliagos 2010). Figure 1 is a funnel plot of the
estimated eﬀected sizes of government education expenditure on growth against their precision.
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Figure 1: Funnel plot of the estimated eﬀected sizes of government education expenditure on growth against their preci-
sion.
A visual inspection of the funnel plots reveals not much signs of asymmetries with regards to our reference
lines. This suggests that publication bias may not be an issue in the GE-growth literature. However, although
funnel plots may be useful, they are only indicative and do not provide deﬁnite evidence on the presence or
absence of bias. In addition, they are not very useful in determining the magnitude and signiﬁcance of bias.
Therefore, to thoroughly examine issues of publication bias, we adopt a more formal analysis – the precision
eﬀect test (PET) and the funnel asymmetry test (FAT). PET/FAT analyses ( Egger et al. 1997; Stanley 2008)
are able to help establish if reported estimates are tainted with publication bias and whether they represent
genuine eﬀect beyond bias. Stanley (2008) demonstrates that the weighted least squares (WLS) bivariate model
in equation (4) can be used to test for both publication bias (FAT) and for genuine eﬀect beyond bias (PET):
𝑡u� = 𝛼0 + 𝛽0 (
1
𝑆𝐸u�u�
) + 𝜀u� (4)
where ti is the t-value and 1/SEri is the precision.H0: α0 = 0 andH0: β0 = 0 are tests for the absence/presence of
publication bias (FAT) and genuine eﬀect (PET), respectively. Hence, at conventional levels, there is evidence
of bias if α0 is statistically signiﬁcant, and evidence of genuine eﬀect if β0 is statistically signiﬁcant.
Given that several observations are clusteredwithin the primary studies, the data used in this meta-analysis
are characterized by an inherent hierarchical structure. Thus, in our case, the estimation of equation (4) with
OLS may be erroneous and prone to various criticisms. This is because the assumption that the reported eﬀect
sizes are independently distributed may be ﬂawed. Some researchers resort to the use of single eﬀect size esti-
mates for each primary study. However, this approach is often criticized on the grounds of subjectivity, given
that the criteria used in the selection of that single estimate is considered subjective. In addition, this approach
does not represent the overall evidence base as several eﬀect size estimates are excluded.
This data dependence can also be addressed by: (i) conducting clustered data analysis (CDA); or (ii) using
hierarchical linear models ( Doucouliagos and Laroche 2009). The ﬁrst approach only corrects the standard
errors for within-study dependence. Hierarchical linear models (HLMs), however, allow for robust standard
errors clustered on studies and take account of both within-study and between-study dependence explicitly.
An added feature is that HLMs allow for a range of likelihood ratio (LR) tests to choose howdependence should
be modeled.
We model data dependence by allowing for random variation between study-speciﬁc estimates, which may
be due to study-speciﬁc intercepts and/or study-speciﬁc slopes ( Demidenko 2004; McCulloch, Searle, and
Neuhaus 2008). Put diﬀerently, expenditure estimates reported byprimary studies are nestedwithin each study;
and the estimates are modelled to diﬀer between studies either because they share a common intercept (a ﬁxed
component) and/or a common slope within each primary study.
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Therefore, we estimate model (5) as an HLM. The HLM approach has been used in various meta-analyses
to deal with issues of data dependence (see e.g. Bateman and Jones 2003; De Dominicis, Florax, and Groot
2008; Alptekin and Levine 2012). Using results from likelihood ratio tests, which compare HLM to the standard
OLS, we conﬁrm that the HLM in the case of our dataset is preferred to OLS. Our preference for the random
eﬀect model over the ﬁxed eﬀect model is also determined, ﬁrst, by the traditional Hausman test. Additionally,
evidence provided by Stanley and Doucouliagos (2016) suggest that the random eﬀect model is superior if
publication selection bias can be ruled out, which is the case in our analysis. Further, the HLM estimations
are ﬁtted via maximum likelihood (ML). The use of ML is preferred given that it allows us to cluster standard
errors whereas other speciﬁcations such as the restricted maximum likelihood (REML) does not. Additionally,
simulation evidence suggests that method of moment and empirical Bayes estimations tend to overestimate
within-study standard errors ( Sutton and Higgins 2008).
𝑡u�u� = 𝛼0 + 𝛽0 ⎛⎜
⎝
1
𝑆𝐸u�u�u�
⎞⎟
⎠
+ 𝑣u� + 𝜀u�u� (5)
where tij is ith t-value in study j, and 1/SEri is the, precision. εij is the normally distributed estimate-level error
term, whereas vj is the study-level error term which captures between-study variations.
Egger et al. (1997) assume a linear relationship between primary-study estimates and their standard errors.
However, Stanley and Doucouliagos (2014) provide simulation evidence indicating that a quadratic speciﬁca-
tion is superior if “genuine eﬀect” exists beyond selection bias – i.e. if the PET in (5) rejects the null hypothesis
of zero eﬀect. Then, the correct speciﬁcation is referred to as precision-eﬀect test corrected for standard errors
(PEESE) and can be stated as follows:
𝑡u�u� = 𝛽0 ⎛⎜
⎝
1
𝑆𝐸u�u�u�
⎞⎟
⎠
+ 𝛼0(𝑆𝐸u�u�u�) + 𝑣u� + 𝜀u�u� (6)
Table 2 presents results from our PET-FAT analysis. We report results for both CDA andHLM. As noted earlier,
our preferred model is the HLM, and thus CDA results are reported for comparison only. Columns 1–3 report
CDA results, while columns 4–6 report HLM results for the full sample, developed country sample, and less
developed countries (LDCs) sample, respectively. Overall, both CDA and HLM results suggest a positive asso-
ciation between government education expenditure and growth when the evidence pertains to the full sample
and developed countries only. However, when the evidence pertains to less developed countries (LDCs), we
ﬁnd that the coeﬀicient of the precision is statistically insigniﬁcant, suggesting no statistically signiﬁcant eﬀect
of government education expenditures on growth in LDCs.5
Table 2: PET/FAT results.
Variables Clustered data analysis Hierarchical model
Full sample
(1)
Developed
(2)
LDCs (3) Full sample
(4)
Developed
(5)
LDCs (6)
Precision (β0) 0.0758*** 0.2204*** 0.0321 0.0768*** 0.2320*** 0.0316
(0.0267) (0.0406) (0.0261) (0.0267) (0.0390) (0.0259)
Bias (α0) 0.1122 −0.9834 1.1462 0.1000 −1.1318 1.1558*
(0.4928) (0.9343) (0.7561) (0.4971) (1.0600) (0.7020)
Observations 237 71 40 237 71 40
Standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
Speciﬁcally, for the full sample, HLM results suggest a positive association between government education
expenditure and growth, with no evidence of publication bias. The eﬀect size is 0.0768, which represents a small
empirical eﬀect. Considering the sample of developed countries only, we ﬁnd a stronger positive eﬀect size of
0.2320, with no evidence of publication bias. Given that we ﬁnd no statistically signiﬁcant eﬀect in the LDCs
sample, we conduct a PEESE analysis for the full sample and the developed countries sample only. Results
are reported in Table 3. Here, results are consistent with PET-FAT results, except that the coeﬀicient of the
precision in the full sample regression dropped in magnitude from 0.0768 to 0.0366, while in the developed
countries sample, the coeﬀicient increased from 0.2320 to 0.2514.
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Table 3: PEESE results.
Variables Clustered data analysis Hierarchical model
Full sample (1) Developed (2) Full sample (3) Developed (4)
Precision (β0) 0.0579* 0.2027*** 0.0366** 0.2514***
(0.0283) (0.0436) (0.0173) (0.0496)
Std. error 4.3861 9.6771** −8.6638 1.7036
(2.8480) (2.9905) (5.5019) (2.7728)
Observations 237 71 237 71
Standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
Thus, based on PET-FAT-PEESE analysis, we can conclude that (H1) government education expenditure as
a share of GDP promotes growth and (H2) government education expenditure as a share of GDP promotes
growth in developed countries, are supported. However, (H3) government education expenditure as a share of
GDP promotes growth in less-developed counties (LDCs) is not supported.
3.3.2 Addressing heterogeneity
PET/FAT analyses do not account for moderating variables as they assume diﬀerences among reported esti-
mates are due to sampling error alone. However, this is not the case in the GE-growth literature. Furthermore,
it is important to explore issues of heterogeneity in the literature in order to identify the factors that cause
variations in reported estimates. Thus, in what follows, we identify factors of heterogeneity among reported
estimates, known as moderator variables, and conduct a multivariate meta-regression analysis (MRA) that ex-
amines the extent to which these factors aﬀect the GE-growth relationship.
We extend equation (5) to yield a model which accounts for both heterogeneity and publication bias. Thus,
equation (7) is an extension of equation (5), and allows for the inclusion of moderator variables.
𝑡u�u� = 𝛼0 + 𝛽0 ⎛⎜
⎝
1
𝑆𝐸u�u�u�
⎞⎟
⎠
+∑𝛽u�
(𝑍u�u�)
𝑆𝐸u�u�u�
+ 𝑣u�u� + 𝜀u�u� (7)
Here, Zki is a vector of moderator variables that may account for variations in the GE-growth relationship
evidence base. We estimate equation (7) to account for model heterogeneity and account for data dependency.
As done in the case of the PET/FAT analysis, the HLM estimation is our preferred model. In addition, we
present two speciﬁcation/model types – general model and the general-to-speciﬁc model. The more general
speciﬁcation contains all relevant dimensions and factors that are likely to aﬀect the GE-growth relations. The
speciﬁc model, however, is obtained by excluding, one at a time, the highly insigniﬁcant variables (i.e. those
with the highest p-values) until statistical signiﬁcance is attained for includedmoderator variables. This is done
to reduce model complexity, and deal with issues of over-determination and multicollinearity.6
Moderator variables are systematic variations in primary studies that can potentially aﬀect the nature of
reported estimates. Given the GE-growth literature, our choice of moderator variables in this meta-analysis is
informed by dimensions such as econometric speciﬁcations, theoretical reasoning, data diﬀerences and other
diﬀerence in primary studies. Appendix Table 5 presents a description and summary statistics of themoderator
variables used in our MRA. MRA results are reported in Table 4.7 Both CDA and HLM results are reported.
Table 4:MRA results.
Variables Clustered data analysis Hierarchical model
General (1) Speciﬁc (2) General (3) Speciﬁc (4)
Precision 0.1690 0.2129 0.1927 0.1402
(0.3246) (0.1520) (0.1837) (0.1308)
Sample size 0.0918 −0.2568
(0.6496) (0.7736)
LDCs 0.0472 0.0306
(0.0420) (0.0431)
OECD −0.1262 −0.1559
(0.1269) (0.1256)
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Control for
endogeneity
0.0627 0.0644
(0.0386) (0.0642)
Cross section 0.4438*** 0.4784*** 0.4054*** 0.5175***
(0.1418) (0.0683) (0.1167) (0.0835)
Data average* panel
data
−0.0831 −0.0055
(0.0749) (0.0881)
Endogenous growth
model
−0.2130*** −0.1756*** −0.1255** −0.1080**
(0.0713) (0.0567) (0.0624) (0.0504)
Data average (=> 5) 0.3547*** 0.3312*** 0.2647** 0.3151***
(0.1157) (0.0657) (0.1166) (0.0601)
Data period (1980+) 0.0482 −0.0084
(0.1583) (0.0758)
Data period (1990+) −0.3062*** −0.2724*** −0.2450*** −0.2470***
(0.1064) (0.0946) (0.0872) (0.0768)
Data period (2000+) 0.0717 0.0711
(0.0498) (0.0570)
Population −0.3679*** −0.3351*** −0.3094*** −0.3242***
(0.0687) (0.0575) (0.0706) (0.0560)
Initial GDP 0.0751 0.1112
(0.1358) (0.0872)
Tax −0.0799 −0.1161** −0.0949* −0.1272***
(0.0519) (0.0427) (0.0486) (0.0442)
Private investment 0.0612 0.0252
(0.1868) (0.0873)
Political instability −0.2104 −0.1821** −0.2477*** −0.2376***
(0.1307) (0.0712) (0.0865) (0.0727)
Life expectancy 0.4085* 0.3493*** 0.4205*** 0.4269***
(0.2295) (0.0814) (0.1289) (0.0914)
Government quality −0.4398** −0.3096*** −0.4353*** −0.3925***
(0.1789) (0.0647) (0.1270) (0.0989)
Inﬂation 0.1284 0.0644 0.1641 0.1192*
(0.1384) (0.0679) (0.1005) (0.0718)
Openness −0.0832 −0.0868
(0.1292) (0.0884)
Journal rank −0.2007*** −0.1883*** −0.1972*** −0.1952***
(0.0562) (0.0539) (0.0507) (0.0466)
Journal 0.3094*** 0.2963*** 0.2744*** 0.3098***
(0.0983) (0.0752) (0.1020) (0.0914)
Publication year
(1990+)
−0.4251*** −0.3705*** −0.3674*** −0.3377***
(0.0634) (0.0981) (0.0986) (0.0841)
Publication year
(2000+)
0.0914 0.1366*** 0.0803 0.1223**
(0.0916) (0.0347) (0.0690) (0.0562)
Constant 0.0024 −0.0648 0.8775 0.0292
(2.0455) (0.4666) (2.1051) (0.4886)
Observations 237 237 237 237
Standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
Data characteristics
We ﬁrst investigate if the GE-growth nexus is time variant. Thus, we include three dummy variables to capture
the “recentness” of data used by primary studies. The ﬁrst dummy variable captures studies that use data
starting from 1980, while the second captures studies that include data starting from the 1990s and the last,
starting from 2000s. Studies that use dataset with the starting year earlier than 1980 are excluded as base. From
Table 4, based on HLM results, we ﬁnd that the data period dummies are statistically insigniﬁcant except for
the one. Speciﬁcally, we ﬁnd that, as opposed to studies that do not, studies that use data from 1990 and beyond
tend to report less positive eﬀects of education expenditure on growth.
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We further examine if the GE-growth relationship is aﬀected by sample type. Various studies have argued
that expenditures on human capital investment, especially education, aﬀect growth diﬀerently in developed
and less developed countries (LDCs). Thus, we include a dummy for country type to examine if reported es-
timates are diﬀerent based on the sample used. We include a dummy for LDCs and another for studies that
report estimates on OECD countries. Our results show that the dummies for country types are statistically in-
signiﬁcant. Lastly, we consider the eﬀects of the number of observations. Existing literature (see, e.g. Ray and
Rivera-Batiz 2002) has demonstrated the eﬀects of sample size in growth regressions. Thus, it is worthwhile to
examine if the GE-growth relationship is inﬂuenced by sample size. MRA results report a statistically insigniﬁ-
cant coeﬀicient for sample size.
Theoreticalmodels and econometric speciﬁcation
Econometric speciﬁcations used in primary studies are often based on certain underlying theoretical models.
The GE-growth relationship is likely to be aﬀected by the underlying theoretical models which inform econo-
metric model speciﬁcations. We examine if underlying theoretical models aﬀect the GE-growth association.
We control for studies that base their speciﬁcations on endogenous growth models while excluding studies
that adopt the Solow-type growth model as base. The results show that studies that adopt speciﬁcations based
on endogenous growth model report more negative eﬀects of education expenditure on growth, compared to
those that do not.
The ﬁrst dimension of econometric speciﬁcation that we capture is the length of time-period over which
variables are averaged. The length of time over which variables are averaged in primary studies can potentially
aﬀect reported estimates. A number of arguments are usually presented in favor of data averaging. For instance,
averaging over a period equal to the business cycle (usually 5 years) eliminates business cycle eﬀects, especially
if primary studies do not include measures of business cycle (e.g. output gap) in their models. Also, estimates
based on data averaged over a period of 5 years or more can be interpreted as medium- to long-run eﬀects as
opposed to short-run eﬀects. A common practice in the literature is the use of 5-years averaging. Some studies
also use averaging periods greater than or less than 5 years. In our MRA, we control for time horizon to verify
if the eﬀect of education expenditure on growth is larger when the data period is averaged over periods equal
to or longer than 5 years. Thus, we include a dummy for studies where data is averaged over a period of 5 years
or more, and exclude other studies as base. We ﬁnd that studies that use data averaging for periods equal to or
greater than 5 years tend to report less adverse eﬀects of education expenditure on growth.
We compare the diﬀerences reported in estimates presented by cross-section and panel data estimation.
Some studies tend to rely on cross-section data averaged over long periods. However, cross-section estimations
usually overlook country-speciﬁc ﬁxed eﬀects that may capture country-speciﬁc diﬀerences in cross-country
regressions. Thus, in the presence of ﬁxed-eﬀects, cross-section estimatesmay be biased. Panel-data estimations,
on the other hand, are able to address this source of bias by purging the country-speciﬁc ﬁxed eﬀects and
focusing on temporal variations in the data. Therefore, we include a dummy that captures studies that use
cross-section data and compare this with panel data. We ﬁnd that the use of cross-section data (as opposed to
panel data) is associated with less adverse eﬀects of education expenditures on growth. This suggests that the
use of cross-section data is likely to be a source of positive bias in the evidence base, and therefore it is likely
that the positive eﬀect of government education expenditures on growth in the policy debate may be based on
incorrect inference. We also control for studies that use panel data and adopt data averaging of 5 years or more.
The coeﬀicient for this dummy is insigniﬁcant.
Next, we control for the covariates used in primary studies. In economics, it is general knowledge that
the exclusion and/or inclusion of certain control variables can aﬀect regression coeﬀicients. This extends to
the government expenditure-growth literature as well. For instance, studies such as Levine and Renelt (1992)
present discussions on the issue and argue that major growth determinants include investment share of GDP,
population growth rate and initial GDP, among others. Other key determinants of growth discussed in the
literature include taxes, openness and inﬂation. Speciﬁc to the GE-growth literature, the role of institutions and
governance, political stability (or instability) and life expectancy have been hypothesized as relevant factors that
can aﬀect growth. Thus, we control for studies that use all the above mentioned variables in order to examine
if the exclusion/inclusion of such variables from primary study regressions aﬀect reported research ﬁndings.
Overall, results indicate that the inclusion/exclusion of certain explanatory variables aﬀect the nature of
reported estimates. Speciﬁcally, we ﬁnd that studies that control for population growth rate, political instability,
tax and government quality (as opposed to those that do not) are predisposed to report more adverse eﬀects,
while those that control for life expectancy and inﬂation tend to report less adverse eﬀects. Dummies for studies
that control for private investment, openness and initial GDP are statistically insigniﬁcant. Thus, overall, while
consistency is not observed for these dummy variables, it is obvious that the inclusion or exclusion of key
growth determinants can signiﬁcantly alter the nature of reported estimates.
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Lastly, OLS estimates are inconsistent and biased in the presence of endogeneity, making inferences mis-
leading. Thus, studies on the relationship between government expenditures and economic growth control for
endogeneity using instrumental variable (IV) techniques. In this tradition, a number of primary studies that
examine the GE-growth association address endogeneity by adopting various IV techniques instead of, or in
addition to, non-instrumentedmethods such as OLS. Therefore, in ourMRA, we control for studies that control
for endogeneity as opposed to those that do not. This allows us to examine if the control for endogeneity yields
systematically diﬀerent eﬀect-size estimates compared to other estimation methods that do not. We ﬁnd that
the dummy for studies that control for endogeneity is statistically insigniﬁcant.
Publication characteristics
With regards to publication characteristics, we ﬁrst control for publication type, and examine if the estimates
reported in journal articles are diﬀerent compared to those reported in working papers and book chapters. We
include a dummy for studies published in journals, and exclude working papers and book chapters as base.
Results mainly suggest that publication type does aﬀect the nature of reported estimates. Speciﬁcally, we ﬁnd
that journal articles as opposed to book chapters or working papers tend to report more positively on growth.
We also examine if the GE-growth association varies with the publication outlet used by primary stud-
ies. Therefore, we control for publication outlet by including a dummy for high-ranked journals. Studies such
as Kalaitzidakis, Mamuneas, and Stengos (2011), Chang, Maasoumi, and McAleer (2016), andWohlrabe (2016)
provide ranking of journal quality. These studies provide rankings of economics journals based on journal inﬂu-
ence and impact factor among others. We consider the top 25% of journals ranked in Kalaitzidakis, Mamuneas,
and Stengos (2011) as high-ranking journals.8 Results show that studies published in high-ranked journals (as
opposed to low-ranked journals) are predisposed to reporting more adverse eﬀects.
Lastly, we also control for publication year in order to examine if the reported estimates on the GE-growth
nexus change overtime in publications. Given that richer dataset and newer econometric techniques emerge
over time,more studies are published to challenge the status quo. Thus, it is worthwhile to examine if the nature
of reported estimates change as newer publications emerge.We include a dummy for studies that are published
in the year 1990 and beyond, and those that are published in the year 2000 and beyond. We exclude other
studies as base. Results suggest that newer studies tend to report more positive association between education
expenditure and growth.
Conditional e昀�fect on growth/common research practices
The net growth eﬀect of government education expenditures, in the context of theMRA, is conditional onmod-
erator variables. Thus, we zoom in on various practices often adopted by researchers to examine what the net
eﬀect is on growth. We ﬁrst consider studies that use OECD data, control for endogeneity and also adopt some
variant of the endogenous growthmodel to inform their empirical model speciﬁcation. In this category, we ﬁnd
a conditional eﬀect of 0.2151 of government education expenditure on growth. Second, we ﬁnd a conditional
eﬀect of 0.4134 for studies that examine the eﬀect of education expenditure on growth applying methods that
control for endogeneity on OECD data, and also control for taxes and initial GDP in their regressions. Third,
for studies that use cross-section data on LDCs and control for taxes, we ﬁnd a conditional eﬀect of 0.3229.
Lastly, we examine the conditional eﬀect of relatively new studies published with focus on LDCs. We note that
the conditional eﬀect of education expenditure on growth for studies that use 5-years or more data averaging
on LDCs data and are published after 1999 is 0.2189. On average, it is observed that the conditional eﬀect of
government education expenditure on growth is stronger for developed countries (measured by the OECD)
than LDCs.
Overall, taking into accountMRA results and our conditional eﬀects on growthwhich represent themeasure
of genuine eﬀects that control for both publication bias and heterogeneity, we can conclude that government
education expenditure has a positive eﬀect on growth. Drawing on inferences made by both Cohen (1988)
and Doucouliagos (2011), these eﬀects are not trivial, and thus present meaningful and practical economic
signiﬁcance.
4 Conclusions
Based on 237 estimates drawn from 29 primary studies, we conduct a meta-analysis that examines the eﬀect
of government education expenditure (GE) on economic growth. Speciﬁcally, we examine the following three
hypotheses: (H1) government education expenditure as a share of GDP promotes growth, (H2) government
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education expenditure as a share of GDP promotes growth in developed countries, and (H3) government edu-
cation expenditure as a share of GDP promotes growth in less-developed counties (LDCs). Based on our results,
the following major conclusions emerge.
The results from ﬁxed eﬀects weighted averages, bivariate precision eﬀect and funnel asymmetry tests
(PET/FAT), and multivariate meta-regression analysis (MRA) all indicate that there is a positive association
between government education expenditure and growth. Thus, whether or not publication bias and/or mod-
erator variables have been controlled for, the eﬀect of government education expenditure on growth remains
positive. Furthermore, using a sub-sample of developed countries, results show a positive and signiﬁcant asso-
ciation between government education expenditure and growth. However, we ﬁnd no statistically signiﬁcant
association in the case of LDCs.
Based on these ﬁndings, it is obvious that (H1) and (H2) are supported, but (H3) is rejected. The results ob-
served for LDCs could be explained by various ﬁndings within the exiting literature. For instance. our ﬁndings
are consistent with ideas that human capital investment in LDCs are negatively inﬂuenced by poor institutions
that do not permit proper allocation of funds within the educational sector ( Belassi and Musila 2005). Further,
most LDCs tend to invest into basic education while neglecting tertiary education. Of course, primary educa-
tion serves as a prerequisite for tertiary education, however, studies such as Lucas (1990) and Vandenbussche,
Aghion, and Meghir (2006) have emphasized tertiary education as the main cause of economic growth. Thus,
without eﬀective allocation of funds to support both the basic and tertiary education systems, the desired eﬀect
of education expenditure on growth may not be attained.
With regards to publication selectivity, we ﬁnd that the GE-growth relationship is not fraught with issues
of publication selection bias. We also ﬁnd that primary study characteristics such as data type, period of data
averaging, publication outlets used and variables included in econometric speciﬁcation contribute to variations
in reported eﬀect sizes.
Concerning variables included in econometric speciﬁcations,MRA results indicate statistical signiﬁcance for
the dummies included for variables such as tax, population, life expectancy, inﬂation, political instability and
government quality. This suggests that the growth impact of GE may change when these variables are omitted
in primary study regressions since they are key growth determinants. Thus, the exclusion of such variables
could lead to biased results in the GE-growth literature. It would be good practice for researchers to include
key regressors in regressions with a view to minimize the risk of model speciﬁcation bias and the additional
heterogeneity resulting from such biases.
A number of suggestions emerge for future research. First, except for the introduction of dummies to capture
the eﬀect of country types, we are not able to thoroughly examine our hypotheses for country types owing to
data constraints.9 In the future, given an increase in the number of primary studies that examine the GE-growth
association, a course of future research would be to re-examine this association by splitting meta-observations
to capture country types. Beyond the use of a dummy variable to capture the eﬀect of country types, a thorough
investigationwhich involves a separate multivariate meta-regressions analysis (MRA) for LDCs and developed
countries can help shed light on the possible causes of heterogeneity in the literature examining each country
type.
Second, with arguments that there are diminishing eﬀects of human capital expenditure on growth, future
studies need to examine empirically if the growth eﬀect of government expenditure on education is non-linear.
Our meta-analysis reveals that very few studies have examined the issue of non-linearity.
Lastly, a few studies are excluded from our meta-analysis because relevant statistics needed for the calcula-
tion of partial correlation coeﬀicients are not reported. It is in the best interest of future research that standards
be set regarding the inclusion of relevant statistics such as t-values and/or standard errors in primary studies.
AAppendix Table
Table 5:MRA Variables.
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Variables Deﬁnition Mean S.D.
t-value t-statistics reported in
primary studies
1.17 2.39
Precision Inverse of standard error of
the partial correlation
coeﬀicient
4.28 2.01
SEri Standard errors of the
partial correlation
coeﬀicients
0.11 0.05
OECD Takes value 1 if the
primary study data is from
OECD countries, otherwise
0
0.19 1.48
LDCs Takes value 1 if the
primary study data is from
LDCs, otherwise 0
2.21 5.86
Sample size Log of number of
observations in primary
study
12.67 4.63
Cross-section Takes value 1 if
cross-section data is used
by primary study, 0 if
panel is used
3.54 6.74
Panel data Takes value 1 if panel data
is used by primary study,
otherwise 0
7.54 7.74
Control for endogeneity Takes value 1 if primary
study controls for
endogeneity, otherwise 0
1.72 3.84
Endogenous growth model Takes value 1 if the model
is based on endogenous
growth model, otherwise 0.
5.11 8.67
Data average (=> 5) Takes value 1 if data
averaging period is => 5
otherwise 0
6.26 6.10
Data average* panel data Takes value 1 if study used
panel data and averaging
period is => 5 otherwise 0
3.75 6.25
Data period (1970+) Takes value 1 if data
year >= 1970, otherwise 0
7.93 8.18
Data period (1980+) Takes value 1 if data
year >= 1980, otherwise 0
2.66 5.79
Data period (1990+) Takes value 1 if data
year >= 1990, otherwise 0
2.40 5.54
Data period (2000+) Takes value 1 if data
year >= 2000, otherwise 0
2.40 5.54
Initial GDP Takes value 1 if the
primary study control for
initial per capita GDP,
otherwise 0
5.73 7.98
Population Takes value 1 if the
primary study control for
population, otherwise 0
2.55 4.32
Private investment Takes value 1 if the
primary study control for
private investment,
otherwise 0
4.31 7.78
Tax Takes value 1 if the
primary study control for
taxes, otherwise 0
5.51 9.41
Openness Takes value 1 if the
primary study control for
openness indicators,
otherwise 0
3.42 6.06
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Inﬂation Takes value 1 if the
primary study control for
inﬂation, otherwise 0
2.64 5.82
Journal rank Takes value 1 if the
primary study is published
in high-ranked journal,
otherwise 0
6.48 7.75
Journal Takes value 1 if the
primary study is published
in a journal, otherwise 0
9.72 8.15
Publication year (1990+) Takes value 1 if publication
year >= 1990, otherwise 0
9.68 7.24
Publication year (2000+) Takes value 1 if publication
year >= 2000, otherwise 0
6.39 7.27
Publication year (2010+) Takes value 1 if publication
year >= 2010, otherwise 0
3.69 7.01
MRAdummy variables are divided by SEri.
Table 6: Robustness Check with alternate measure of journal quality.
Variables Speciﬁc model
CDA (1) HLM (2)
Precision 0.2456 0.1824
(0.1559) (0.1370)
Cross section 0.4212*** 0.4727***
(0.0838) (0.0929)
Endogenous growth model −0.1785*** −0.1054**
(0.0605) (0.0531)
Data average (=> 5) 0.2656*** 0.2737***
(0.0867) (0.0843)
Data period (1990+) −0.3012*** −0.2637***
(0.1004) (0.0817)
Population −0.3108*** −0.3060***
(0.0600) (0.0589)
Tax −0.1171** −0.1309***
(0.0481) (0.0495)
Political instability −0.1419 −0.2133***
(0.0838) (0.0784)
Life expectancy 0.3219*** 0.4173***
(0.0958) (0.0961)
Government quality −0.2169** −0.3400***
(0.0871) (0.1036)
Inﬂation −0.0219 0.0598
(0.0793) (0.0768)
Journal rank −0.1854* −0.1431*
(0.0771) (0.0782)
Journal 0.2229** 0.2531**
(0.0848) (0.0995)
Publication year (1990+) −0.3662*** −0.3302***
(0.1119) (0.0958)
Publication year (2000+) 0.1591*** 0.1270**
(0.0384) (0.0591)
Constant 0.1467 0.0267
(0.4631) (0.5109)
Observations 237 237
Robust standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
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Notes
1For instance, Landau (1983, 1986) , Stroup andHeckelman (2001) and Afonso and Jalles (2013) ﬁnd a positive eﬀect of government edu-
cation expenditure on growth, while Blankenau, Simpson, and Tomljanovich (2007) ﬁnd a negative growth eﬀect of government education
expenditure.
2Keywords for GE include education expenditure, human capital, education spending. Keywords for growth include GDP, economic
growth, gross domestic product, economic development.
3We conducted an exhaustive search for literature on education expenditures in general (i.e. government expenditures and also total
education expenditures), however, very few studies were found to have examined total education expenditures and growth. More im-
portantly, since our focus is to contribute to the literature which tries to determine the components of government expenditures that are
productive/unproductive, we do not include total education expenditures in our meta-analysis.
4Cohen (1988) indicates that an eﬀect size represents small eﬀect if its absolute value is less than 0.10, medium eﬀect if it is 0.25 and over,
and large if it is greater than 0.4. However, Doucouliagos (2011) indicates that the application of Cohen’s guidelines to partial correlation
coeﬀicients understate the economic signiﬁcance of empirical eﬀect and thus, he proposes that eﬀect size greater than 0.07 and 0.33 represent
a “medium” and “large” eﬀects, respectively.
5Our results may be biased if there are outlier estimates or observations with outlier inﬂuence. We follow Bollen and Jackman (1985) to
verify if there are any outliers. Using the DFBETA approach, we did not identify any observations as inﬂuential, and thus we are not faced
by major outlier issues.
6See Campos, Ericsson, and Hendry (2005) for a review of the literature on general-to-speciﬁc modeling.
7Given the relatively few studies that report estimates on developed and less-developed countries only, we are not able to run separate
MRA analysis for the sub-samples.
8Although the number of journals ranked diﬀer across these studies, there is a signiﬁcant overlap between these rankings especially for
journals classiﬁed as top tier. Thus, studies in our meta-analysis published in top-ranking journal [i.e. top 25% of Kalaitzidakis, Mamuneas,
and Stengos (2011) ranking] consistently qualify as top-ranking in other journal rankings such asWohlrabe (2016) aswell. For robustness,we
run regressions with an alternate ranking of journal quality. The Australian Business Dean’s Council (ABDC) and the Australian Research
Council (ARC) present classiﬁcations for journal quality. Journals are ranked in descending order of quality as A*, A, B and C.We introduce
a dummy for A* and A ranked journals (high quality), and use other ranks as base to examine the robustness of our results. Results for
journal quality based on the ABDC ranking is consistent with our main results. Results for this regression are reported in the Appendix.
9Splitting our sample to conduct separate MRAs for LDCs and developed countries was not possible because the sample size in each
category was not suﬀiciently large.
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